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PHASE-DIFFERENCE PROCESSING INCORPORATING
TIME-ALIGNMENT AND TIME-COMPRESSION TECHNIQUES

INTRODUCTION

Coherent processing has proven to be a viable technique in the study of undersea acoustic
signals. To be effective, such processing requires the phase coherence between the received
signals to be high. That is, the minimum phase difference between the two signals (after
corrections for differences in transit times and doppler ) must be small in the least-squares
sense. Moreover the time-difference and doppler corrections required to achieve the
minimum phase difference provide estimates of these parameters for localization and
dynamics determination.

This report will examine the problem of correcting for time alignment and time scale-
factor between two signals in the measurement of phase difference and describe in general
terms a system for implementing these functions.

SYSTEM DESCRIPTION

The basic technique for measuring the instantaneous phase difference between two
signals is illustrated in Fig. 1. The two bandlimited signals are processed through delay
networks in order to align the two signals in time register , after which one of the two sig-
nals is processed through a time compressor (or expander) to correct for the doppler differ-
ence between the two channels. The signals are then fed to an axis-crossover comparator
(phase meter ) and a duel-trace oscilloscope. The phase difference between the two signals
is recorded as. a function of time on a Brush stylus recorder.

SYNC

S 5( 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fig. 1 — Phase-measurement technique

Manuscript submitted June 16, 1977

1

.—:2-:.

~ 

~~~~~~~~~~~~~~~ ~i~--J~~LJ -. —. . . -. -



r ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~

——---- -

~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~~

—-- 

W. L. ANDERSON

Digital System

The process was implemented in two steps. In the first step of the process, time delays
and time compressions (or expansions) were introduced to the data channels by the use of a

PDP—11/40 minicomputer. Each of the digital signals was stored in a contiguous file on the
system disk, which allowed the data streams to be accessed by sample number . The time
delay for each of the signals is obtained by specifying the starting sample number for each
channel. The time alignment between the two signals is varied by changing the starting
sample number for the first signal relative to the second. Time is compressed (or expanded)
by periodically skipping (or duplicating) samples from the second channel. The new data
streams are multiplexed into a single data stream and written onto magnetic tape for pro-
cessing by the phase meter. A more detailed explanation of the software program to
accomplish this first step is given in Appendix A.

Axis-Crossover Phase Meter

In the second step of the process the magnetic tape that is generated is used as the
signal input for the system shown in Fig. 2. Each record on the magnetic tape is read into
one of two buffers. To maintain a continuous flow of data through the system, one buffer
is being filled while the other is being read by the demultiplexer . The two demultiplexed
data channels are digital-to-analog converted and low-pass filtered. Each channel is then fed
to the phase meter. At each positive axis-crossover of the channel 1 signal , a counter in the
phase meter is reset, and at each positive axis-crossover of the channel 2 signal the contents
of the counter is converted to a voltage which is fed to the strip-chart recorder . (Further
details on the axis—crossover phase meter are given in Ref. 1.)

I I  ~-F 4-1~~rH I T
NAG IC Lj DEM~ T(. I I__I 

PHASE Li STRIP
UNIT []PLEXER I IMETERI1RECORO€R

I I h 1 ~i.....I
LO*.

~
Si..H I I

Fig. 2 — Phase-meter system

SYSTEM OPERAT ION

The system was tested using a signal with the frequency-modulation pattern illustrated
in Fig. 3. (More details on the properties of this frequency functior are reported in
Ref. 2). In the examples given a signal with f~ 

= 33 Hz and i~f  = 0.2 Hz were used. The
signals were sampled at 264 Hz.

Time-Register Alignment

The first area of study was to determine the effect of time register (or time alignment)
on the phase-difference pattern of identical signals. Figure 4 illustrates the phase-difference
pattern for offsets of 0, 1, 2, 4, and 8 seconds. The 45-degree offset from the center of
each plot is the result of the clocking fro m the demultiplexer . Each sample from channel
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TIME (Minules)

Fig. 3 — Source frequency function

2 is displaced 1/2 sample interval (1/8 wave period) after the corresponding sample for

channel 1. In this example the phase-difference patterns approximate triangular wave forms,

with peak-to-peak excursions directly proportional to the time-register difference.

Doppler Corrections

The system was also used to examine the effect of both time register and doppler

alignment on a motional-source signal received at two widely spaced sensors . Since the

locations of the source and sensors were known, it was easy to approximately time-align

the signals. After the initial time alignment the phase-difference pattern appears as shown

in Fig. 5a. The continuous phase migration (360-degree sawtooth wave) is a result of the

doppler difference between the two received signals. Over the time interval of 30 minutes

(475,200 samples) a cumulative phase difference of about 37-1/4 full periods (298 samples)

is noted. To correct for doppler, it is thus necessary to drop a sample every 1595 samples

from the second signal . The effect of this correction is shown in Fig. Sb. There is now

no net phase movement of the phase difference over the 30-minute interval, but an

irregular waveform similar to that shown in Fig. 4 may be noted. This suggests that some

time-register difference still exists between the two signals. Figure 5c illustrates the final

phase difference between the two signals after they have been properly time aligned . This

final alignment indicates that the time difference between channel 2 and channel 1 was

1/2 second smaller than expected and that a doppler compression of 0 000627 (or 0.02069

Hz) existed between the two signals.

The high-frequency (45-degree-sawtooth) component of the phase-difference pattern

seen in Figs. 5b and 5c is a result of the discrete manner of correcting for doppler difference.

(The spikes in the Fig. 5 phase-difference plots are caused by tape dropouts during the

reading of the magnetic tape and should be ignored.)

CONCLUSIONS

The system described in this report provides a simple and convenient method for

measuring the instantaneous phase difference between two signals as a function of both time-

register and time-scale-factor (doppler ) difference. By examining the phase-difference plots,

one can determine the time-register and doppler difference required for minimum phase

3
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Fig. 4 — Phase-difference plot, of the signal versus itself
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(a) PHASE -DWFEREN~~ PLOT PRIOR To OOPPLER CORRECTION

(b)PHASE-CFF~~ENCE PLOT AFT~R DOPPLER CORRECTION

~~ I5O
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(c ) PHASE- DIFFERENCE PLOT AFTER TIME- REGISTER AND DOPPLER CORRECTIONS

Fig. 5 — Phase -difference patterns of the signal received at separate sensors

difference. In so doing, estimates of the time-register and doppler shift are provided , and an
estimate of the maximum phase correlation between the signal channels may readily be derived.
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bit of the switch register is checked. If it is on, the program recycles to generate a new
file of multiplexed data with a new time register and/or a new doppler correction. Other-
wise control is returned to the DOS monitor.

An example of the entries to the program is shown in Fig. Al. (This program produced
the data tape for the phase-difference plots shown in Fig. 5.) The underlined portions are
the entries entered by the operator. In the example the data inputs are six-digit ASCII
numbers, each less than the decimal number 65,536. In addition the entry indicating that
samples were to be dropped from the second channel was a four-digit ASCII entry SUB2 -
(If samples were to have been added , the entry would have been ADD2.)

(all sense switches down )

$RU DOPPIZ

LAST DATA RECORD FOR STATION 1 001250

LAST DATA RECORD FOR STAT ION 2 001250

NO. OF SAMPLES TO DROP FROM STATION-i DATA 026400

NO. OF SAMPLES TO DROP FROM STATION-2 DATA 026400

(pu t sense switch 0 up)

NO. OF SAMPLES TO DROP FROM STATION-i DATA 026400

NO. OF SAMPLES TO DROP FROM STATION-? DATA 026400

NO. OF SAMPLES BETWEEN DOPPLER CORRECTIONS 001595

ADD OR SUB SAMPLES FROM CHANNEL 2? SUB?

(pu t sense switch 15 up)

NO. OF SAMPLES TO DROP FROM STATION I DATA 026532

NO. OF SAMPLES TO DROP FROM STATION 2 DATA 026400

NO. OF SAMPLES BETWEEN DOPPLER CORRECTIONS 001595

ADD OR SUB SAMPLES FROM CHANNEL 2 SUB?

Fig. Al — Example of a run of the multiplexing program
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00) SW 177570
002 PROGRAM TO MULTIPLEX DATA
003 • T I T L E  DOPPLR
004 .MCAL.L .INII..RLSEa .WAITa .OPEN,.CLOSE
005 .MCALL .EXIT, .RECRD. .D2BIN, .TRAN, RADPK
006 .GLOBL OPUTIeOPUTaOPUTF.OPUTD

• 007 START : .INIT •DSKBLI
008 .INIT •OSKBL2
009 •INIT •KBRLK
0)0 1 OBTAIN NUMBER O~ LAST RECORD IN FIRST FILE
01) .TRAN •KBBLK,ITBLK)
012 •WAIT •KBBLK
013 .IRAN tKBBLM,tTRNBLK
014 .WAIT •KBBL (
0)5 .D2BIN •DECNO+l
016 NOV (SP)+1RECNO1
0)7 DEC RECNOI
0)8 1 OBTAIN NUMBER OF LAST RECORD IN SECOND FILE
0)9 •TRAN #KBBLK.CTBLK2
020 .WAIT •KBBLK
021 -IRAN •KBBLKIPTRNBLK
022 -WAIT •KBBLK
023 •D2R!N #DECNO.1
024 MOV (SP)+.RECNO2
025 DEC RECNUP-

~26 I IN ITIA LIEE FILES
027 BEGIN: .OPEN CDSKBLI .CFILNMI
028 .OPE$ IDSKBL2.~~F I L N M2
029 .JSR RS.OPUTI
038 1 OBTAIN NUMBER OF SAMPLES TO SKIP FOR
031 3 CHANNEL I
032 .TRAN IKBBLK~ eTBLK3
033 -WAI l CKBBLK
034 -IRAN lKBBLK,~~TRNBLK
035 -WA lT •KBBLt(
036 .D2BIN #DECNO+)
037 3 STARTING RECORD NUMBER FOR FIRST FILE INTO RECBLI
038 3 ADDRESS OF FIRST SAMPLE INTO RI
039 NOV (SP)+aRI
040 CLR RB
041 DIV V5)2.,R0
042 ADD ROaRECBLI+I0
043 ADD INPtJTI.RI
044 OBTAIN NUMBER OF SAMPLES TO SKIP FOR
045 1 CHANNEL 2
046 .TRAN SKBBLM,~~TBLK 4
047 •WAIT SKBBLK
048 -IRAN $KBBLM,*TRNBLK

BEST. AVAILABLE COPY
8
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049 .WAIT •KBBLK
050 .D2BIN •DECNO+I
051 1 ST. Ru NG RECORD NUMBER FOR SECONI~ FILE IN RECBL 2
052 1 ADDRESS OF FIRST SAMPLE INTO R3
053 NOV (SP)+.R3
054 CLR R2
055 DIV *512-,R2
056 ADD R2.RECBL2+I0
057 NOV R3,R2
058 ADD •NPUT2.R2
059 3 TEST TO SEE IF DOPPLR CORRECTIONS ARE TO BE MADE
060 NOV e~ SW,NODOP
062 BIC #177776,N000P
062 BED I N I T
063 3 OBTAIN NUMBER OF SAMPLES BETWWEN DOPPLER CORRECTIONS
064 .TRAN •KBBLK,#TBLK5
065 .WAIT •KBBLK
066 TRAN #KBBLK.#TRNBLK
067 -WAIT •KBBLK
068 -D2BIN •DECNO+ I
069 NOV CSP)+.DOPP
070 MOV DOPP. DROP
07) 3 DROP OR ADD SAMPLES FROM CHANNEL 2?
072 .TRAN •KBBLK,#TBLK6
073 WAIT •KBBLK
074 .TRAN .KBBLK,ITRNBLI
075 .WAIT •KBBL M
076 -RADPK •DECNO
077 MOV (SP)+,ANSWR
078 3 INPUT DATA
079 INIT: NOV •OUT.R3
080 NOV •I000-,R4
08) JSR R5.REDI
082 ,JSR R5.~RE D2
083 3 MULTIPLEX THE CHANNELS
084 LOOP: MOVB (RI)+a(R3)+ ICHANNEL I SAMPLE INTO OUTPUT FILE
085 MOVB (R2)+.(R3)+ JCHANNEL 2 SAMPLE INTO OUTPUT FILE
086 DEC R4
087 BNE CONT JOUTPUT BUFFER FULL?
088 JSR R5.OPUT IYES
089 BR -+4
090 .WORD OUT
09) MDV #1000.iR4

- 
• 

092 NOV #OUTsR3
093 JSR R5.OPLJTD
094 NOV I#172520.R0
095 SIC *175777,R0
096 BNE DONE J ERROR IN WRITING?
097 CONT: CMP RI.*NPUTI.512
098 BNE NXT ILAST SAMPLE IN CHANNEL I BUFFER?
099 JSR R5~ REDI JYES
2 00 MDV •NPUTI.RI

~ 
A1’J~Bt~ 
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101 NXT* CMP R2.~~NPUT2+SI2.
102 BNE DOPPLR JLAST SAMPLE FOR CHANNEL 2 BUFFER?

— 203 JSR RS,REO2 JYES
104 NOV •NPUT2,R2
205 DOPPLR: IS? NODOP
106 REQ LOOP I DOPPLER CORRECTIONS USED?
207 DEC DROP J Y€S
108 BNE LOOP J MAKE A DOPPLER CORRECTION NOW?

- - 109 NOV DOPP.DROP IYES
110 CMP ANSWRaADO
i l l  BNE TWO
112 DEC R? J ADD A SAMPLE
113 JMP LOOP
114 TWO: INC R2 IDROP A SAMPLE
$ 1 5  CMP R2.SNPUT2+512.
116 BNE LOOP ILAST SAMPLE FOR CHANNEL 2 BUFFER?
1)7 JSR RS,REO2 JYES
$18 NOV #NPUT2,R2
119 JNP LOOP
220 3 READ DATA FOR CHANNEL I
121 RED 1: CMP RECB L I+ l0 ,RCCNO I
222 861 DONE ICHANNEL I DATA EXHAUSTED?
123 .RECRD •DSKBLIa#RECBLI JNO
224 .WAII •DSKBLI
125 NOV RECBLIsRO
226 TSTB RECBL I+I
127 BNE ERROR
128 ADD # ) , R E CBL I.10
129 R IS R5
130 3 READ DATA FOR CHANNEL 2
13 1 RED2t CMP RECBL2+IO.RECNO2
132 861 DONE ICHANNEL 2 DATA EXHAUSTED?
23 3 MOVB NPUT2+512-.NPUT2- % INO
134 • RECRD # DSK BL2 D#RECBL2
235 -W A I T  •DSKBL2
236 NOV RECBL2,RO
137 T STB RECBL2 .I

• 238 BNE ERROR
239 ADD • I .RE CBL2+ 10
240 RTS R5
141 1 PROCESSING DONE
14 1 ERROR : .TRAN •KBB LK,~~T BLK
142 -WA IT •KBBLK
243 DONE: CLR RECBLI.I0
144 CLR RCCBL2+10
245 JSR RS1 OPUTF
146 • CLOSE •DSKBI..I
$4 7 -CLOSE •DSKRL2
24 8 1ST 5•SW ITEST BIT 15 OF SWITCH REGISTER
$49 BMI FIN J IF ON DONE

10 j
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250 JMP BEGIN JOTHERWISE GENERATE NEW NAG TAPE FILE
2 51 FIN : .RLSE ~KBBL K
252 -RLSE #DSKBLI
253 •RLSE •DSKBL2
$54 •EXIT

- . 255 3 DISK LINK BLOCK
4 156 .WORD 0

IS? DSKBL I : - WORD 0
158 -RAD 5B /DIS/
*59 .WORD I
160 .RADS0 /DK/
161 .WORD 0
162 DSKBL2 : .WORD 0
1 63 .RADSB /DUS/

- - 264 •WORD I
165 •RADSO /DK/
166 1 KEYBOARD LINK BLOCK
1 67 .WOR D 0
168 KBBLK: .WORD 0.0,1
169 .RAD5O /KB/
170 1 RECORD BLOCK FOR FIRST CHANNEL
Ill RECBLI: WORD 4,NPUTI,512..0s0
172 1 RECORD BLOCK FOR SECOND CHANNEL
273 RECBL2: •WORD 4.NPUT2.512.,0.0
17 4 i OUTPUT BLOCK FOR KEYBOARD
27 5 TOLK : .WORD 0,MESG ,4,2a0
176 TBL.KI: •WORD BaMESGIa 22 - ,2a0
177 TBLK2 : -WORD B,MESG2.22..2a0
178 TBLK3: .WORD 0.MESG3 .22-a2a0
279 TBLK4: -WORD 0.MESG4.22.a2.0
$80 18LK5: .WORD B,MESGS,22-.2e 0
28$ TBLK 6: - WORD OsMESG6.17 .s2 .8
282 ME SG -ASCI I / ERROR /
28 3 .BYTE 15 ,12
284 MES GI: .ASCII /LAST DATA RECORD TO READ FOR STATION I
$85

• 186 MESG2: .ASCII /LAST DATA RECORD TO READ FOR STATION 2
$ 87 •EVEN
188 MESG3 : -ASCII /NO. OF SAMPLES TO DROP FROM STATION I DATA /
289 .EVEN
190 MESG4 : -ASC II /NO. OF SAMPLES TO DROP FROM STATION 2 DATA /
192 .EVEN
292 NCSGS : -ASC II /NO. OF SAMPLES BETWEEN DOPPLER CORRECTIONS /
193 .EVEN
194 MESG6: •ASCII /ADD OR SUB SAMPLES FROM CHANNEL 2? /
195 -EVEN
196 ADD : .RAD5O /ADD/
297 1 IRAN BLOCK FOR KEYBOARD
298 TRNBLK: .WORD 0.DECNO.4-.5.0

~99 TRNBLI : - WORD O9DCCNO . 3. 4.0

M~tA\31i COPN
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200 i FILENAME FOR FIRST CHANNEL
20* .WORD Oil
202 FILNM I: .RADSO /STANOIDAT /
203 •WORD 0.233
204 1 FILENAME FOR SECOND CHANNEL
205 .WORD 0.1

• 206 FILN M2 ; RADSB /STANO2DA T/
207 .WORD 0.233
208 I STORAGE AREAS
209 AN SWR * .WORD 0
2*0 DOPP i •WORD 0

• 211 DROP : .WORD 0
212 RECNO I: •WO RD 0
213 RECNO2 .WORD 0
2*4 0111* .BLKW 1000.
225 DECNO : .BLKW 4
226 NPLJT I: .BLKW 256.
221 WORD 0
218 NPIJT2: .BLKW 256-
229 NODOP : •WORD B
220 -END START

801
002 1 OPUTI - IN ITIA LIEATION FOR OUTPUT
003 : OPUT - OUTPUTS A RECORD TO 7 TRACK NAG TAPE 556 BPD
004 1 OPUTD • CHECKS TO SEE IF OUTPUT COMPLE TED
005 1 OPUIF - CLOSES FILE
006 .TITLE OUTPUT
007 •MCALL .INIT ,.TRAN. .WAIT ..RLSE , SPCC
008 OPUTI: : •IN IT •MAGBLK
009 •SPEC •MAGBLK .~~SFBL K
010 RTS
01 1 OPUT :: NOV Rl. -CSP )
012 NOV R0,-CSP)
013 NOV 2 (R5),TRNBLK ,2
014 NOV TRNBLK+2 .RI
015 NOV #2000-.R0
016 LOOP : A SRB (R I)
017 ASRB CR I )+
018 SOB R0.LOOP
019 •TRAN *MAGBLK .DTRNBLK
020 NOV (SP)+aR O
021 NOV (SP)+aRI
022 RT S R5
023 OPUTO :: .WA IT •NAGBLK
024 RTS R5
025 OPUIF :: -SPEC •MAGBLK. tSFBLXI
026 .RLSE •MAGBLK
027 RTS RS
028 SFBLK * .BYTC 6.3
029 •WORD 0
030 • BYTE Oil
031 •WORD 0
032 SFBLKI: •OYTE 2.3
033 •WORD 0.0.0
034 •WORD 0
035 MAGBLK : -WORD 0
036 •0A050 /MAG/

.0*050 /NT / 
- .t

~’t1.039 IRNOLKI :~~ 
0.0.I000 ..2.0


